Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

Allentown, PA

WBAN NO. 14737

LATITUDE: 40.65° N

+ LONGITUDE: 75.43° W
ELEVATION: 117 meters
MEAN PRESSURE: 1003 millibars
. STATION TYPE: Secondary
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1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £11%
HIL{T) Jan Feb Mar Apr May June Tuly Aug  Sept Oct Nov Dec | Year
0 Average 1.9 2.7 3.7 4.7 54 6.0 5.9 52 4.2 3.1 20 1.6 L)
Min/Max | 1.6/2.2 2334 33/42 | 4.0/54 47/63 50/6.8 52/65 4.6/59 36/47 | 2.6/3.7 1623 1317 | 3741
Latitude -15 Average 28 3.6 4.4 5.1 1 5.8 58 55 4.8 4.0 e B | 23 4.4
2 * | Min/fMax | 2.2/34 3.0/47 39/5.1 | 42/6.0 4.7/64 48/6.7 | 5.1/65 48/63 4.0/55 3.3/5.0 1.9/3.5 1.6/2.7 | 4.2/4.7
¥ aditiide Average 31 39 4.5 5.0 5.2 5.4 54 5.3 4.9 4.2 3.0 2.6 4.4
Min/Max | 2.4/3.9 3.2/52 4.0/53 | 4.0/59 44/6.0 4.5/62 | 4.7/60 4661 3.9/56 | 3553 2040 1.63.1 ]| 42/47
T A 519 Average 33 4.0 4.4 4.6 4.6 47 4.8 4.8 4.0 4.2 3.1 2.8 42
Min/Max | 2.5/4.2 3.3/54 3.8/52 | 3.7)55 39/53 39053 | 42/53 42535 37/54 | 3454 2042 1733 | 39/45
90 Average 3.1 3.6 34 30 2.6 2.5 20y 29 33 34 28 2.6 3.0
Min/Max | 2.4/40 2.8/50 2840|2536 2329 2227 | 24/28 26/33 2.6/38 | 2.7/44 1738 14/32 ]| 2.8/3.2
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £11%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.6 3 4.9 6.0 6.8 7.4 1.3 6.7 55 4.2 2.6 2.1 5.0
Min/Max | 2.1/3.2 3.0/4.9 4.1)58 | 4.7/75 5.6/83 58/87 | 62/85 58/7.8 4.3/64 | 34/54 1.8/3.4 1.4/25 | 47/54
Tatttiidi s 18 Average 3.3 4.4 5.4 6.4 6.9 74 74 6.9 6.0 4.8 3.2 2.0 54
* | Min/Max | 2.5/4.1 35/59 4.6/6.6 |49/79 356/85 5.8/87| 62/86 5982 46/7.1 | 39/63 2143 16/32|50/59
foititads Average 3.6 4.6 3.3 6.3 6.7 Tl 74 0.8 6.0 5.0 34 2.9 54
Min/Max | 2.7/45 3.7/6.3 4.6/6.7 | 4879 54/83 5584 | 59/83 5.8/80 4.6/7.1| 40/66 22/47 1.7/3.6 ] 5.0/5.9
Tattude+16 Average 38 4.7 54 6.0 6.2 6.0 6.6 6.5 5.9 5.1 3.5 Al 53
¢ Min/Max | 2.8/4.8 3.7/64 4.5/67 | 46/7.6 5.1/7.8 5.1/7.8 | 5.5/7.7 55/7.6 45/7.0 | 4.0/6.7 22/48 1.8/3.8 | 4.9/58
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 A Average 3.8 4.7 5.0 0.4 7.0 743 Tid 7.0 6.0 ol 3.6 3.1 5.6
Min/Max | 2.9/4.8 3.7/64 406/68 | 49/80 57/8.6 59/89 | 6.3/87 6.0/82 4772 | 40/67 22/49 13/3.8 | 52/6.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.0 2.4 2.5 3 29 3.2 32 3.0 2 2.6 1.9 184 2.6
Horiz Axis Min/Max | 1.4/2.8 1.5/3.6 1.9/36 | 1.6/3.8 20M42 1.9/44 | 2.2/4.1 22/39 1.7/35 1.7/3.9  0.8/3.0 0.6/24 | 2.2/3.0
1-Axis, N-S | Average 1.5 /| 2.8 35 3.8 42 4.2 3.9 32 25 1.4 1.1 29
Horiz Axis Min/Max | 1.0/2.0 1.4/3.2 2.1/4.0 | 2.1/50 2.6/55 2.5/5.7| 2.8/54 29/50 2.0/42 1.6/3.8 0.6/23 04/1.6 ] 25/33
1-Axis, N-S | Average 22 2.8 34 37 3.7 3.9 4.0 4.0 37 33 2.1 1.8 3.2
Tilt=Laritude | Min/Max | 1.5/3.0 1.8/43  2.5/4.7 | 2.2/5.3 2554 24/53 | 27152 3.052 2348 | 2149 0933 0725 | 2837
% Ania Average 24 29 34 38 39 4.3 4.3 4.1 37 33 2.2 2.0 34
Min/Max | 1.6/3.2 1.9/44 2547 | 23/54 27/57 26/58 | 29/56 3.1/53 23/48| 2.1/50 LORS 0727 | 29/38
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.0 135 4.1 9.8 157 20.8 234 223 18.2 11.8 6.2 0.1 10.7
Daily Minimum Temp 7.3 -6.2 -1.2 38 9.6 14.9 17.6 16.7 123 5.8 1.2 4.2 53
Daily Maximum Temp 1.3 3.2 9.3 158 21.8 26.7 29.2 279 235 KZ2T 11.0 4.0 16.0
Record Minimum Temp | -24.4 =217 -18.3 -8.9 22 39 8.9 5.0 -1.1 -6.1 -11.7 222 -24.4
Record Maximum Temp | 22.2 244 30.0 339 36.1 37.8 40.6 378 372 322 212 220 40.6
HDD, Base 18.3°C 661 556 441 255 102 6 0 4 46 20 365 572 3214
CDD, Base 18.3°C 0 0 0 0 F 2 79 157 128 41 4 0 0 429
Relative Humidity (%) 69 67 62 61 66 68 69 72 74 72 70 4l 68
Wind Speed (m/s) 4.6 4.6 4.9 4.8 4.1 a7 32 3 33 3.6 43 4.4 4.1
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Bradford, PA

WBAN NO. 04751

LATITUDE: 41.80° N

Monthly Radiation {(kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 78.63° W _I_
ELEVATION: 600 meters
MEAN PRESSURE: 940 millibars
STATION TYPE: Secondary
1 4=
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
0 Average 1.8 2.6 3.6 4.6 54 5.9 58 5.0 39 28 137 1.4 379
Min/Max | 1.5/2.0 22/30 3.2/40 | 3.5/55 44/64 5.0/6.7 | 52/6.6 47/57 32/45 | 2437 1420 12/16 | 3.5/39
Laffiiide <15 Average 24 34 43 5.0 54 58 58 5.3 4.5 36 23 1.9 4.2
Min/Max | 2.0/29 2.7/42 3.7/5.0 | 3.6/6.1 4.3/6.6 4.8/6.6| 52/65 49/61 3553 | 29/52 1728 15724 | 3.9/45
1atitisde Average 2s 37 4.4 4.8 3.1 5 5.4 a1 4.5 38 24 2.1 4.1
Min/Max | 2.2/3.3 2.8/4.6 38/52|35/60 4.0/62 44/61 | 4861 4759 3553 | 3.0/56 1831 1527 |39/45
Latitude +15 | Average | 238 38 4.4 4.5 4.5 46 47 4.6 4.3 38 25 34 3.9
Min/Max | 2.3/3.5 2.8/4.8 3.7/5.1 | 3.2/56 3.6/55 3.9/53| 42/53 4353 33/51 | 29/57 18/33 15/28 |3.6/43
90 Average 27 3.5 3.6 3.0 Al 25 2.6 29 3.1 31 3 2 2.8
Min/Max | 2.1/34 25/45 29/42|22/39 22/31 23/28 | 2502959 2.6/33 2437 | 23/47 15/3.0 13/27 | 26/3.1
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (°) Jan Feb Mar Apr May Tune July Aug Sept Oct Nov Dec | Year
0 Average 23 3.3 4.7 5.9 0.8 i s 74 6.5 ~ il 3.7 2.1 1.7 4.8
Min/Max | 1.8/28 2.7/43 4.0/55 | 4.0/74 52/84 59/89 | 6.3/86 5817 39/62 | 28/55 1.6/2.7 1.3/2.2 | 4.4/5.2
Latitndes15 Average 2.8 4.1 52 6.2 6.9 1.5 7.5 6.8 5.6 43 26 2:1 5.1
Min/Max | 2.2/3.5 3.0/52 44/6.3 | 4.1/7.9 53/86 5889 | 6386 6.1/8.0 42/68 | 32/6.6 1833 1528 | 48/56
Latiruie Average 3.0 43 54 6.1 6.7 Tl 72 6.6 5.6 45 2:1 23 5.3
Min/Max | 2.4/3.8 3.1/55 4.4/64 | 4.0/79 5.1/83 5.6/8.6 | 6.1/83 5979 42/69 | 3.3/69 1.9/3.6  1.5/3.0 | 4.8/5.7
Latitude 415 Average 3.1 4.4 53 5.9 6.3 6.7 6.8 6.3 28 4.4 28 24 5.0
- 7 | Min/Max | 2.54.0 3.2/57 4.3/64 | 3.8/7.6 47/78 52/80 | 57/7.8 5.6/15 4.0/67 | 3.2/7.0 1937 1.63.1 | 4655
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
E Average 3.2 4.4 54 6.2 7.0 7.7 7.6 6.8 5 4.5 28 24 53
- Min/Max | 2.5/4.0 3.2/57 4.4/65 | 4.1/80 53/87 6.0/9.1 6.4/88 6.1/8.1 42/69 | 3.3/7.0 1.9/3.7 1.6/3.2 | 49/5.8
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 1.3 1.8 232 2.6 2.9 3.3 372 2.8 2.4 2.2 1.2 0.9 22
Horiz Axis Min/Max | 0.820 1.0/29 1.5/3.3 | 1.1/3.9 16/42 1.9/44 | 23142 23/38 14/34 | 1.2/42 0420 03/15|20/26
1-Axis, N-S | Average 0.9 1.5 24 8 3.8 4.3 43 37 29 f 0.9 0.6 2.6
Horiz Axis Min/Max | 0.5/1.3 0.9/2.5 1.7/36 | 14/49 2.1/55 2558 | 3.0/55 2949 17/40 1.1/4.0 04/15 0.2/1.0 | 2.3/3.0
1-Axis, N-S | Average 1.4 2.1 2.9 3.3 34 4.1 4.1 38 3.3 2.7 1.4 1.0 2.8
Tilt=Latitude | Min/Max | 0.9/2.1 1.2/3.4 2.0/44 | 1.5/53 21/54 24/54 | 2.9/53 3.0/5.1 19/4.6 14/52 05/22 0.3/1.6| 2.6/3.3
o Aosiis Average 1.3 23 29 3.6 3.9 44 44 39 33 27 1.5 Ll 3.0
: Min/Max | 0.9/2.2 12/3.5 20/44 | 1.5/53 22157 26/59| 3457 31/53 19/46 14/52 0523 0J3(1.7| 2.7/3.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) =l -6.1 04 5.9 11.5 16.1 18.4 17.6 13.8 8.1 v 4.0 6.3
Daily Minimum Temp -11.2 -10.9 -5.5 0.0 5.0 9.7 103 11.4 7.9 v -1.8 -7.8 0.9
Daily Maximum Temp -3.0 1.3 4.6 11.4 17.9 224 24.7 237 19.7 13.5 6.3 -0.3 11.7
Record Minimum Temp | -32.8 -32.2 -27.8 | -14.4 -7.8 -3.3 0.6 -3.3 -3.9 -122 18.9 28D | 328
Record Maximum Temp | 15.6 16.7 25.6 29.4 30.0 31 344 333 294 25.6 22.8 20.6 34.4
HDD, Base 18.3°C 787 683 582 378 217 81 38 54 142 317 482 692 4454
CDD, Base 18.3°C 0 0 0 0 : 13 42 31 6 0 0 0 96
Relative Humidity (%) 78 T 73 68 70 b 77 79 81 7 80 81 76
Wind Speed (m/s) 44 4.1 4.2 4.1 35 34 2.6 2.6 29 34 4.1 4.3 3.6
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14860

LATITUDE: 42.08° N

LONGITUDE: 80.18° W

B ELEVATION: 225 meters
MEAN PRESSURE: 990 millibars
STATION TYPE: Secondary
1 s
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tili (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.6 24 34 4.6 53 6.3 6.2 3.3 4.1 2T 1.6 1.3 3.8
Min/Max | 1.4/1.8 2.1/3.0 2940 | 3.7/53 49/65 54/72 | 3.5/6.7 4.7/6.1 3.5/45 | 24/37 1.2/1.9 1.1/14 | 3.6/4.0
Latitude -15 | Average | 2.1 3.1 4.0 5.0 5.7 6.1 6.2 5.6 47 35 2.1 1.6 4.2
< | Min/Max | 1.8/2.5 2.5/4.1 33/50 13959 4767 53/7.1 5.4/6.7 49/6.6 39/54 2.9/5.1 1.4/2.7 1.3/2.0 | 4.0/44
Latitnds Average &5 33 4.1 4.9 54 5.6 5.8 54 47 X7 22 1.8 4.1
i Min/Max | 1.9/2.8 2.6/4.5 33/52 | 37/58 4.3/62 48/65 5.1/6.2 4.6/64 39/55 2.9/5.6 1.4/29 1.3/23 | 3.9/44
Tathide 415 Average 24 34 4.0 45 4.8 4.9 5.0 49 45 37 2.3 1.8 3.5
“ | Min/Max | 2.0/29 2.6/4.7 3.1/5.1 | 34/54 3.9/5.5 4.2/56 | 44/54 42/58 3.7/53 2.8/5.7 1.4/3.0 1.3/24 | 3.6/4.1
90 Average 22 3.0 < 30 2.8 2.6 238 31 3.5 3.0 2.0 1.6 2.7
Min/Max | 1.8/28 23/43 23/40 | 24/3.6 2.3/3.1 24/29 | 2.6/30 2.6/3.6 2.7/3.8 | 2.2/47 EULT LA23 | 25020
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
[Tﬁxis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.2 < 4.4 6.0 1.2 8.0 8.0 6.9 5.4 3.6 1.9 1.5 4.8
Min/Max | 1.6/23 2.4/4.1 3.5/5.6 | 4.2/7.1 5.5/87 06.6/9.6 | 6.8/88 5984 42/64 | 2.8/55 1.3/25 1.1/1.8 | 4.6/52
Latitids ~15 A_verage 2.3 3.6 4.9 6.3 7.4 8.0 8.1 12 59 42 2.3 1.8 52
Min/Max | 1.9/2.9 2.8/50 3863 | 44/76 5589 6.6/96| 6989 6.1/89 46/7.1 | 32/66 14/3.1 13723 | 49/5.6
Toatitas Average 25 38 4.9 6.2 7.1 7 7.8 il NG 4.3 i5 1.9 52
Min/Max | 2.0/3.1 29/53 3.8/65 | 43/76 53/86 63/92 | 6686 6.0/87 46/72 (| 3.3/69 1.4/3.3 1.3/25 | 49/5.6
Tatihde #15 Average 26 38 4.9 6.0 6.7 2 7.3 6.7 5.8 4.3 25 1.9 5.0
‘ Min/Max | 2.0/3.2 29/54 3.7/64 | 4.1/7.3  5.0/8.1 5.9/8.6 6.2/8.1 5.6/83 44/7.0 3218 1.4/3.4 1.3/26 | 47/55
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £2%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9. A%is Average 2.6 3.8 5.0 6.3 7 s 8.2 8.3 73 6.0 44 25 1.9 s 3%
A Min/Max | 2.1/3.3 2.9/54  3.8/6.5 | 4.4/7.7 5.6/9.0 6.8/9.8 7.0/9.1 6.1/8.9 4.6/7.2 3.3/7.0 1.4/3.4 13726 | 5.0/5.8
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.0 1.6 2.1 2.8 33 39 3.9 33 2.7 21 3.1 0.6 24
Horiz Axis Min/Max | 0.5/1.5  0.9/25 1.4/3.5 | 1.4/38 2145 2951 | 2.7/47 25/46 1.8/3.6 | 1.2/42 03/1.9 0.1/1.3 | 2.1/2.8
1-Axis, N-S | Average 0.7 13 2.3 35 44 5.0 5.1 42 33 20 0.8 04 249
Horiz Axis Min/Max | 0.3/1.0  0.8/2.1 1.5/3.8 | 1.7/4.8 2.7/59 3.5/6.6 | 3.6/60 3.1/59 20/43 1.1/4.0 0.3/14 0.1/0.8 | 2.5/3.2
1-Axis, N-§ | Average il 1.9 27 37 43 47 4.9 4.4 3.6 2.6 13 0.7 3.0
Tilt=Latitude | Min/Max | 0.5/1.6 1.0/3.0 1846 | 1852 26/58 3.3/63| 3558 32/6.1 23/49 | 1552 0421 0.1/1.3| 2735
B A Average 1.1 1.9 2.8 38 4.5 - 52 45 3.6 2.7 1.3 0.7 3.1
3 Min/Max | 0.5/1.7 1.1/3.0 1.8/46 | 1.8/52 2.8/6.2 3.6/68 | 3.7/6.3 3.3/63 23/49 1.5/53 04/22 0.1/1.4 | 2.8/3.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.7 -34 2.2 7.8 13.8 192 21.8 ZE2 17.8 11.8 6.2 -0.3 9.6
Daily Minimum Temp -1.7 -7.8 22 32 8.8 14.2 17.0 16.6 133 7.6 2.8 -3.8 5.2
Daily Maximum Temp 0.3 0.9 6.4 125 18.8 24.1 26.6 25.8 223 16.1 9.7 32 13.9
Record Minimum Temp | -26.7 -27.2 -22.8 | -11.1 -3.3 0.0 6.7 2.8 0.6 -4.4 =139- JLJ | =272
Record Maximum Temp | 183 19.4 292 31.7 322 37.8 37d 339 344 3.1 26.7 239 37.8
HDD, Base 18.3°C 682 610 501 315 149 29 0 7 49 206 363 b 3488
CDD, Base 18.3°C 0 0 0 0 9 54 111 95 33 4 0 0 306
Relative Humidity (%) 74 5 72 68 69 71 Ee 74 74 | 2 75 72
Wind Speed (m/s) 6.1 55 5.6 s 4.8 4.5 4.2 4.2 4.6 5.2 6.1 6.2 52
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Harrisburg, PA

WBAN NO. 14751

LATITUDE: 40.22° N

LONGITUDE: 76.85° W
ELEVATION: 106 meters
MEAN PRESSURE: 1005 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m“/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.0 2.8 3.8 4.8 5.5 6.1 5.9 53 43 32 2.0 1.6 3.9
Min/Max | 1.7/2.3 2.2/33 33/43 | 41/57 47/64 54/67 | 52/6.6 4.7/6.0 3.7/48 | 2.8/3.8 1.6/2.4 1.4/1.8 | 3.7/42
Latitude <15 Average Z3 3.7 43 52 5.6 6.0 - B a3 4.9 4.1 2.5 24 4.5
Min/Max | 2.4/3.5 2.6/4.6 3.9/53 | 43/63 4.6/66 52/66 | 52/6.6 49/64 4.1/57 | 34/52 2.1/3.6 1.9/28 | 4.2/48
Taitda Average 32 4.0 4.6 5.1 5.3 o F 53 53 4.9 43 32 2.7 4.5
Min/Max | 2.6/4.0 2.7/5.1 4.0/55 | 4.1/6.2 43/62 48/60 | 4861 47/62 4.1/58 | 3.5/56 2.2/41 2.0/33|42/48
Latitude +15 Average 3.5 4.1 4.5 4.7 4.7 4.8 4.8 4.8 4.7 4.4 33 29 4.3
Min/Max | 2.8/4.3 2.7/5.3 3.8/54 | 3.8/57 3.8/55 4.2/52 | 42/53 4357 38/5.6| 35/57 22/43 2.1/35 | 4.0/4.6
90 Average 32 3.6 34 3.0 2.6 25 2.6 29 33 35 2.9 &7 30
Min/Max | 2.5M4.2 2349 28/42 2536 2330 2327| 2328 2633 2.740| 2747 19/39 19/33 | 2.8/33
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
g ¥) y
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.8 38 5.0 6.2 7.0 7.6 T 6.8 5.6 4.3 238 2 Sill
Min/Max | 2.2/34 2.7/49 42/62 | 48/79 55/85 6.3/87 | 63/8.5 60/8.1 46/6.7| 3.6/57 1.9/3.6 1.7/2.7 | 4.8/5.6
Latitiide <15 Average 34 45 56 6.6 71 7.6 T 7.0 6.1 5.0 34 2.8 5.6
Min/Max | 2.7/43 3.0/58 4.7/69 | 5.0/84 56/86 63/8.6| 63/8.6 62/85 4974 | 40/67 2345 20/34 ] 52/6.1
I.atitide Average 37 4.8 %7 6.5 6.8 T3 e 6.9 6.2 32 3.6 1 N
Min/Max | 2.9/47 3.1/6.2 4.7/7.1 | 49/83 54/84 6.0/83 | 6.0/83 06.0/84 4975 | 4.1/7.1 24/49 22/38 | 52/6.1
Lktitiis +15 Average 39 4.9 5.6 6.2 0.4 0.8 6.8 6.5 6.0 52 3.7 32 54
Min/Max | 3.0/5.0 3.1/63 4.6/7.0 | 47/80 50/79 5.6/78 | 56/7.8 57719 4.7/73 | 4.1/7.1 24/51 2.3/4.0| 5.1/6.0
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
e Average 39 4.9 5.1 6.6 nl 7.8 7.6 7.0 6.2 53 38 33 5.8
Min/Max | 3.1/50 3.1/6.3 4.7/7.1 | 5.0/84 57/87 64/89 | 64/87 62/85 49/75| 41/7.1 2451 23/40 | 54/6.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 4 | 2.4 26 2.9 3.0 3.4 33 30 2.8 217 2.0 1.8 37
Horiz Axis | Min/Max | 1.5/3.0 0.9/34 2.0/3.7 | L6l L1742 2342 | 24/41 2443 1938 | 1742 0931 1025|2431
1-Axis, N-S | Average 1.5 22 3.0 37 4.0 4.4 4.3 3.9 B ol 1.6 12 3.0
Horiz Axis Min/Max | 1.1/2.1 0.9/3.1 22/42|22/54 23/56 3.0/55| 3.1/54 3.0/55 2.2/45 | 1.8/42 0725 0.6/1.7| 2.7/3.5
1-Axis, N-S | Average 2.3 29 35 3.9 39 42 4.1 4.0 38 3.4 2.3 1.9 34
Tilt=Latitude | Min/Max | 1.6/3.3 1.1/4.1 27/50 | 2.3/57 2.3/54 2.8/52 | 29/52 3.1/57 2.5/5.1 2253 LOES 1027 | 3039
A ksie Average 25 3.0 33 4.0 4.1 4.5 44 4.2 3.8 3.3 24 2l 33
Min/Max | 1.7/3.5 12/42 27/50 | 2.3/58 24/58 3.1/56| 32/55 3.2/58 25/52| 2.2/54 1.1/3.7 1129 | 3.1/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.9 -04 51 10.9 16.6 21.6 24.3 234 19.1 12.6 6.9 0.9 1158
Daily Minimum Temp -6.0 -4.8 0.0 5.1 10.6 15.9 18.7 17.9 13.6 7.0 23 -3.0 6.4
Daily Maximum Temp s i 4.0 10.2 16.7 225 213 29.9 28.8 24.6 18.2 11.4 4.8 16.7
Record Minimum Temp | -22.8 -20.6 -15.0 -7.2 -0.6 4.4 9.4 7.2 -1.1 -5.0 -106  -222 | -22.8
Record Maximum Temp | 22.8 239 30.0 339 36.1 37.8 41.7 383 389 36.1 28.9 239 41.7
HDD, Base 18.3°C 627 524 410 223 82 < 0 0 33 183 343 541 2911
CDD, Base 18.3°C 0 0 0 0 27 103 184 158 56 6 0 0 334
Relative Humidity (%) 64 63 61 59 65 68 69 72 74 70 69 66 67
Wind Speed (m/s) 38 38 4.1 4.1 33 3.0 2.8 2.6 279 3.0 33 3.6 34
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9 . ¥ H
Variability of Latitude Fixed-Tilt Radiation Phlladelph ia, PA
8+
>
s 74 WBAN NO. 13739
E .
.1 . LATITUDE: 39.88° N
é ‘I‘ LONGITUDE: 75.25° W
s 4T ELEVATION: 9 meters
i & o MEAN PRESSURE: 1016 millibars
&=
£ 2+
2 STATION TYPE: Secondary
j =
—— 1961-1990 Average
o 4+———+—— +——t— —
d F W A W J A& S QO N D Y
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 11%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 2.0 2.8 3.8 48 5% 6.1 6.0 54 44 32 21 1 4.0
Min/Max | 1.6/23 25/34 32/44 | 39/55 48/65 52/70| 50/67 48/58 3749 | 2.83.6 1.8/25 1.4/1.9 | 3.8/43
Latitude -15 | Average 29 57 45 52 5.6 6.0 38 5.7 5.0 42 3.0 2.6 4.5
0 Min/Max | 2.3/3.5 3.1/48 3.6/54 | 4.1/6.0 48/6.6 51/69 | 49/67 5062 4.1/58 | 3.4/48 23/38 1.8/3.1 (4249
. atitiide Average a3 4.0 4.7 Bl 3.3 ad 3.3 ko 6 | el 44 34 29 4.6
Min/Max | 2.5/4.1  3.3/53 3.6/56 | 3.9/59 45/62 47/63 | 46/62 4860 4.1/59 | 3.6/52 24/43 2.0{3.6|42/50
Tatitide +15 Average 35 4.1 4.6 4.7 4.7 4.8 4.8 5.0 438 45 33 3.1 43
G Min/Max | 2.6/44 3.3/5.6 3.5/55 | 3.6/55 4.0/55 4.1/54 | 40/54 44/54 3957 | 3.6/52 2546 21/39|40/48
90 Average <) 25 34 3.0 2.6 2.5 2.6 3.0 34 3.6 il 29 3l
Min/Max | 2.3/42  2.8/5.1 2641|2435 23530 22/27| 2328 2732 2740 | 2842 2141 18/3.6 | 2.834
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £11%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 28 3.8 51 6.2 7.0 i 7.5 6.9 5.8 4.4 3.0 24 52
Min/Max | 2.1/3.5 31152 3961 479016 5785 6191 5.8/8.6 5.8/7.8 4.7/6.7 | 3.5/52 2.1/38 1.7/29 | 4.9/5.7
fatitnde 515 Average 55 4.5 T 6.6 T:d g 15 T2 6.3 52 3.6 30 5.7
~ | Min/Max | 2.6/44 3.6/62 43/69 | 4880 58/87 6.1/9.1 | 5.8/87 6.0/8.1 50/74 | 4.0/6.1 2548 2.1/3.7 | 5.2/6.3
Lotitvede Average 3.8 48 5.8 6.5 6.8 73 73 7.1 6.3 54 3.9 33 3.7
Min/Max | 2.8/48 3.8/6.6 43/7.0 | 4780 5.6/84 5887 | 5.6/84 58/79 50/75 | 42/63 27/52 2241 | 52/63
Faiftude 1% Average 4.0 4.9 5.7 6.2 6.4 6.8 6.8 6.7 6.2 5.4 4.1 35 5.6
F Min/Max | 2.9/5.1 38/68 4.2/69 | 4577 5279 54/8.1| 52/78 5576 4873 | 4.1/64 2754 23/44 | 5.1/6.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
4. Axis Average 4.0 4.9 5.8 6.6 T2 78 ) 7.3 6.4 54 4.1 35 <
Min/Max | 2.9/5.2 3.8/6.8 4.3/7.0 | 48/8.1 58/88 62/93| 5988 6.0/81 51/75| 42/64 2754 23/44 | 54/6.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty =11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 23 2.6 2.8 29 a1 35 34 33 3.0 2.9 7.3 2.0 2.8
Horiz Axis Min/Max | 1.5/3.0 1.6/3.8 1.7/3.8 | 1540 2.1/43 25/46| 2042 23/40 20/38 | 1936 12/34 1.1/28|25/34
1-Axis, N-S Average 1.7 24 ol 3.1 4.0 4.6 4.4 4.2 3.6 2.8 1.8 14 3.1
Horiz Axis Min/Max | 1.0/2.3 1.4/3.5 2043 | 2052 27/5.7 32/59 | 2.7/54 29/5.1 24/45 1.9/3.6 0.9/27 08/1.9 | 2.8/3.7
1-Axis, N-S | Average 25 3.1 37 4.0 39 4.3 4.2 43 4.0 3.0 26 22 3.5
Tilt=Latitude | Min/Max | 1.6/3.3 L9466 23150 | 2.1/558 2755 30/56| 2552 3052 2.7/51 2.4/4.5 1.3/3.8 1.2/3.0 | 3.1/42
2 A%is Average 2l 32 33 4.0 42 4.7 45 4.4 4.0 3.0 o 24 37
Min/Max | 1.7/3.6 2.0/47 23/50|22/56 2858 3361 | 2756 3.1/54 2.7/5.1 | 24/46 1440 13/33 | 3.3/43
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -0.9 0.6 5.8 113 | 22:1 24.8 24.2 20.1 13.6 8.0 2.1 12.4
Daily Minimum Temp -5.1 -4.0 0.7 5.6 1.5 16.6 19.6 19.1 14.8 8.0 31 22 7.3
Daily Maximum Temp e 5.0 10.9 17.0 228 27.6 30.1 29.2 25.3 19.1 12.8 6.3 17.4
Record Minimum Temp | -21.7 -20.0 -13.9 7.2 22 6.7 10.6 6.7 1.7 -3.9 94 -17.2 -21.7
Record Maximum Temp | 23.3 233 30.6 344 36.1 37.8 40.0 383 37.8 356 27.2 22.2 40.0
HDD, Base 18.3°C 596 498 389 210 68 3 0 0 18 157 310 503 2752
CDD, Base 18.3°C 0 0 0 0 32 116 202 181 71 9 0 0 612
'Relative Humidity (%) 66 64 62 60 65 68 70 70 72 71 68 68 67
Wind Speed (m/s) 46 48 5.0 4.8 43 39 3.6 3.6 38 3.9 43 4.5 42
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Pittsburgh, PA

WBAN NO. 94823

Variability of Latitude Fixed-Tilt Radiation

e
©
=
£
=
LATITUDE: 40.50° N =
LONGITUDE: 80.22° W o _!_
ELEVATION: 373 meters -
MEAN PRESSURE: 973 millibars D;
. i
STATION TYPE: Primary =
—— 1961-1990 Average
R S e
Jd F M A M 4 4 A 8 & N B Yr
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 17 25 35 4.6 55 6.1 5.9 52 42 3.0 1.8 14 38
Min/Max | 1.4/2.0 22/3.1 3.0/42 | 3554 4562 5.1/68 | 52/6.7 4758 3.7/49| 2538 1521 1.2/1.6 | 3.6/4.0
Latitude -15 Average 24 22 4.1 4.9 %5 59 3.9 35 4.8 3.8 24 1.9 42
R Min/Max | 1,728 2.5/4.2 34/52 | 3.7/59 4563 4967 | 52/6.7 4862 4.1/57| 3.1/52 1831 1323 | 3.9/45
Lafitnde Average 2.6 34 42 4.8 5.2 54 33 53 4.8 4.1 26 2.1 42
! Min/Max | 1.8/3.1 2.6/47 34/54 | 35/58 42/59 46/6.1 | 4862 4.6/60 40/58 | 33/56 1935 1425 3.9/45
Latitide+15 Average 2.7 335 4.1 44 4.6 4.7 4.8 4.8 4.6 4.1 s i | &2 39
; Min/Max | 1.8/3.3  2.6/49 33/53| 3254 37553 4053 | 42/54 42/54 3856 | 3357 1936 1.4/2.7 | 3.6/4.2
90 Average 2.5 3.0 31 29 2.6 2.5 20 29 32 35 2.3 2.0 27
Min/Max | 1.7/3.2 22/45 2540|2135 22/30 22/28| 2429 26/3.3 27/39| 2.7/46 15032 WS 25000
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 22 32 44 57 6.8 7.5 74 6.7 55 4.0 23 1.7 48
Min/Max | 1.6/2.6 2543 3.6/59 | 4.1)7.3 53/81 60/88 | 6.3/8.6 56/7.7 4566 | 32/56 1730 12/2.1 | 44/53
Loatiinde 15 Average 7 33 49 6.0 6.9 75 74 6.9 5.9 4.7 28 23 51
i 7 | Min/Max | 1.8/3.3 2.8/52 39/6.6 | 42/7.7 53/82 5988 | 6387 578.1 4872 | 3766 1937 1.3/2.6 ]| 4757
tatitude Average 2.8 3.9 5.0 6.0 6.6 7.2 .2 6.8 6.0 4.8 29 2:3 5.1
Min/Max | 1.9/3.5 29/56 40/68 | 4.1/76 5.1/80 57/84 | 60/84 56/79 48/73 | 3.8/69 2.04.0 14/28 | 47/57
Latinds 415 Ayel'age 3.0 4.0 49 8.7 6.2 6.7 6.7 6.4 5.8 4.8 3.0 2.3 5.0
g ~ | Min/Max | 2.0/3.7 29/57 3.9/6.7 | 3.8/7.3 438/7.5 53/‘7.8_ I 56718 53175 4.7/ 3.8/6.9 2.0/42 14/3.0 | 45/55
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Unceriainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
e Average 3.0 4.0 5.0 6.1 70 7 7.6 69 6.0 4.9 3.0 24 5.3
s > Min/Max | 2.0/3.7 29/57 4.0/68 | 42/77 53/83 6.1)89 | 64/88 57/8.1 4973 | 3970 2042 1.4/3.0]| 48/58
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average 1.4 3y 2.0 2.4 2.8 3.1 3.0 2.8 2.6 2.4 1.4 1.0 22
Horiz Axis Min/Max | 0.6/2.0 09/2.8 L2435 | 1.2/36 1.6/3.9 2.0/40 | 2.1/42 1.8/3.6  1.8/35 1.6/40 0.7/24 03/1.7 | 1.9/27
1-Axis, N-S | Average 1.0 15 22 31 36 4.1 4.0 ) 31 23 | 0.7 Z.3
Horiz Axis Min/Max | 04/1.5 0.8/2.4 1.4/39 | 1.5/46 2.1/5.1 2.7/5.2 | 2.8/55 24/47 2.1/4.1 1.6/3.9 0.5/1.8 0.2/1.1 ] 2.2/3.1
1-Axis, N-S | Average 1.5 2.0 27 33 36 39 38 37 3.5 3.0 1.6 1.1 28
Tilt=Latitude | Min/Max | 0.7/2.2 1.0/3.3 1.7/46 | 1.6/49 2.1/50 25/49 | 2.7/52 24/48 24/46 | 2.0/50 0827 03/L.7 | 24/34
8 s Average 1.6 2.0 2z 3.3 3.8 42 4.1 3.8 i 3.0 17 1.2 b
& Min/Max | 0.8/23  1.0/34 1.7/46 | 1.6/49 22/53 2853 | 29/56 2550 2.4/46| 2.0/50 0828 04/19 | 25035
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -33 -1.8 4.1 9.8 153 19.9 223 214 IET F3 B -0.3 10.2
Daily Minimum Temp 7.5 -6.5 -12 38 9.1 13.8 16.4 15.7 11.9 5.7 12 -4.2 4.8
Daily Maximum Temp 0.9 v 55 94 157 214 26.1 28.1 27:1 23.5 16.9 10.2 37 1535
Record Minimum Temp | -27.8 -24.4 -18.3 -10.0 -3.3 £ 5.6 3.9 -0.6 8.9 -183 244 | -27.8
Record Maximum Temp 20.6 20.6 27.8 317 32.8 36.7 394 37.8 36.1 30.6 27.8 233 394
HDD, Base 18.3°C 670 564 441 257 119 20 3 8 56 222 378 577 3316
CDD, Base 18.3°C 0 0 0 0 24 68 126 102 37 3 0 0 363
Relative Humidity (%) 70 67 64 60 63 66 69 T 72 68 70 - 68
Wind Speed (m/s) 4.7 45 4.7 45 39 3.5 3.2 3.0 32 3.6 42 4.6 4.0
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

Wilkes-Barre, PA

WBAN NO. 14777

LATITUDE: 41.33° N

LONGITUDE: 75.73° W

H
ELEVATION: 289 meters
MEAN PRESSURE: 983 millibars
STATION TYPE: Secondary
1 -
1961-1990 Average
0 A 1 —t——
J F M A M J A 0 N D ¥r
Solar Radiation for Flat-Plate Colleciors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £11%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.8 2.5 30 4.6 5.4 6.0 3.9 22 4.1 29 1.8 1.4 38
Min/Max | 1.5/2.1 2.1/3.1 3.2/40 | 3.9/54 44/62 50/67 | 53/64 47/59 3.4/46| 2.6/3.7 1521 13/1.6 | 3.6/4.0
Lafudis <15 Average ey 34 42 5.0 54 5.8 5.8 3.5 el 3.8 24 2.0 4.2
2 ¥ | Min/Max | 2.0/3.3 2.7/44 3.7/49 | 4.1/6.0 43/63 4.9/6.6 | 52/64 4963 3.8/54 | 32/5.1 1.8/3.1 1.6/2.5 | 4.0/45
TS Average 2.8 3.6 43 4.8 4 5.4 54 5.3 4.7 4.0 2.6 22 4.2
Min/Max | 2.2/3.7 2849 3.7/5.1 | 4.0/59 4.1/6.0 45/6.1 | 4860 4.7/6.1 3.8/54 | 33/56 1535 17/2.8)|40/45
Vathinds 415 Average 3.0 3.3 4.2 45 4.5 4.7 4.8 4.8 45 4.0 2.7 24 4.0
Min/Max | 2.3/4.0 29/52 3.5/50 | 3.6/54 36/53 3952 42/52 43/55 3.6/52 | 33/5.7 1.8/3.6 1.7/3.0 | 3.7/4.3
90 Average 2.8 3:3 33 3.0 26 2.5 26 30 3.2 33 23 ik 2.8
Min/Max | 2.1/39 25/4.8 26/3.8 | 2536 22/30 2327| 2428 2733 26/3.7| 27/47 1533 15/2.9 | 2.6/3.1
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov De¢ | Year
0 Average 2.4 34 4.6 38 6.7 7.4 74 6.6 53 3.9 23 1.8 4.8
Min/Max | 1.9/3.1 2.6/4.6 4.0/56 | 4573 5.1/82 57/88 | 62/84 5980 42/62 | 33/55 L1730 14/22 | 4.6/5.3
atitsdE -15 Average 29 4.0 31 6.2 6.8 7.4 7.4 6.9 58 4.6 2.7 23 52
Min/Max | 2.3/3.9 3.1/56 44/63 | 47/78 5.1/84 56/88 | 62/84 6.1/84 45/6.8 | 3.7/6.6 1.9/3.7 17/29 | 4.9/5.7
Latitids Average 32 4.2 52 6.1 6.6 14 T 6.8 58 4.8 29 25 52
: Min/Max | 2.4/43 3.2/6.0 44/65 | 47/7.7 4.9/8.1 5485 | 6.0/8.1 6.0/82 45/69 | 3.9/69 2040 138/3.2 | 49/58
Latitads +15 Average 33 4.3 3.1 58 6.2 6.6 6.7 6.4 5.6 4.8 3.0 2.6 5.0
Min/Max | 2.5/4.6 3.3/6.1 4.3/64 | 44/74 4.6/76 50/7.9 | 56/76 57/7.8 43/6.7 3.8/7.0 2.0/42 18/3.3 | 4.7/5.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Bee | Year
9 el Average 7S 43 52 6.2 6.9 7.6 7.6 7.0 58 4.8 3.0 2.6 54
Min/Max | 2.5/4.6 33/6.1 44/65 | 48/78 52/84 3891 | 6386 62/84 4569 | 3970 2042 1834 |5.1/59
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.6 2.0 23 2.6 2.9 33 3.3 3.0 2.6 24 14 1.3 24
Horiz Axis Min/Max | 1.0/25 1.2/3.3 15/33 | 1.5/3.8 15/4.1 1.9/45 | 23/41 2442 16/34 | 1641 0.6/24 06/1.9] 2.1/2.9
1-Axis, N-S | Average 1.1 1.7 25 33 3.7 4.2 4.3 39 3.0 23 £l 0.8 2.3
Horiz Axis Min/Max | 0.7/1.7 1.1/2.9 1.6/3.7 | 1.8/49 20/53 23/59| 2.9/54 3.0/55 19/4.0 1.6/40 04/1.8 04/1.2 | 2.4/32
1-Axis, N-S | Average 1.8 2.3 3.0 35 3.3 4.0 4.1 4.0 3.9 3.0 1.6 B 3.0
Tilt=Latitude | Min/Max | 1.1/2.7 1.5/3.9 1.9/44 | 2.0/5.2 1952 2.2/86 | 2.8/5.1 358 2246 | 262 06T DeZR| 27380
5ok ke Average L9 24 30 3.6 3.9 44 4.4 4.1 33 3.0 L7 L4 31
Min/Max | 1.1/2.9 1.5/4.0 19/44 | 2.0/53 2.0/55 2461 | 3.0/55 32/58 232/46| 2.1/52 0729 0722 | 2.8/3.8
Average Climatic Conditions
|Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.1 2.9 37 8.9 14.9 19.6 2.4 211 17.0 10.8 52 -1.1 9.5
Daily Minimum Temp -8.1 -7.2 2.1 34 . 8 13.8 16.4 15.6 11.6 5.6 | 4.8 4.6
Daily Maximum Temp -0.1 1.4 75 14.3 20.7 253 293 26.5 224 16.1 9.3 2.6 14.5
Record Minimum Temp | -25.6 -26.7 -189 | -10.0 -2.2 11 6.7 35 1.1 -6.7 -12.8 217 | -26.7
Record Maximum Temp | 19.4 21.7 28.3 33.3 339 350 37.8 344 35.0 28.3 26.7 18.9 378
HDD, Base 18.3°C 694 594 484 283 121 21 0 6 61 235 393 603 3495
CDD, Base 18.3°C 0 0 0 0 14 58 117 £l 21 0 0 0 299
Relative Humidity (%) 70 68 64 60 64 70 71 73 75 71 72 73 69
Wind Speed (m/s) 3.9 39 42 42 38 3.3 32 3.1 23 35 3.8 3.9 <15,
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Williamsport, PA

WBAN NO. 14778

LATITUDE: 41.27° N
LONGITUDE: 77.05° W

Maonthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

ELEVATION: 243 meters
MEAN PRESSURE: 998 millibars
STATION TYPE: Secondary
1 a5
— 1961-1990 Average
0t
d B M A M 4 4 A 38 @ N D ¥
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +11%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average L8 2.6 3.6 4.6 54 6.0 59 5.1 4.0 29 1.8 1.4 38
Min/Max | 152.1 2230 32/4.1|37/55 44/62 50/68| 5365 4757 34/45| 2436 1421 1316|3639
Latituda -15 Average 2.6 34 43 3.0 55 3.9 5.0 54 4.6 3.7 24 2.1 4.2
“ | Min/Max | 2.1/3.2 2842 37/50 | 3.8/62 44/63 4867 | 5366 49/6.1 3853 3.0/50 173.1 15725 4.0/45
Latitide Average 29 3T 4.4 4.9 5.1 54 Y 3.2 4.6 35:5 2.6 2.3 4.2
Min/Max | 2.3/3.6 3.0/47 3.8/52 | 3.6/6.1 4.1/59 4462 | 49/6.1 4.7/59 3.854 | 3.1/54 17/35 1.6/28 | 4.0/4.5
Lathode 515 Average 3.0 38 43 45 4.6 4.7 4.8 4.8 4.4 3.9 2.7 24 4.0
Min/Max | 2.3/39 3.0/49 3.6/51 | 3.3/57 3.6/52 39/53| 4353 43/54 3.6/52| 3.0/54 1737 1.6/30| 3.8/42
90 Average 2.8 34 3.3 3.0 2.6 23 2.6 3.0 3.1 Sl 25 22 2.8
Min/Max | 2.1/3.8 2.7/4.5 27/39|22/38 22/30 2328| 2529 2733 2537| 24/45 1533 1529|2730
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/mZ2/day), Uncertainty £11%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 24 <] 4.7 5.9 6.7 73 74 6.4 5.1 %7 2.2 1.8 4.8
Min/Max | 1.9/3.0 2843 39/56 | 40/75 5179 57/89| 63/83 55/7.6 4.0/60 | 3.0/52 1529 1422 |45/5.1
T.atitude 1% Average 3.0 4.1 5.2 6.2 6.9 T 7.4 6.7 3. 44 2T 23 5.2
¥ | Min/Max | 2.3/3.8 32/52 4.3/63 | 42/80 5.1/8.1 56/89 | 63/84 57/80 43166 | 34/63 1837 1.6/29 | 49/5.6
Latitude Average 32 43 5.3 6.1 6.6 12 i 6.6 5.6 45 2.9 23 2.2
Min/Max | 2.5/4.1 3.3/5.6 43/64 | 4.1/79 4978 54/85| 61/81 56/7.8 4.3/6.7 | 35/66 1840 1.7/32 | 4.9/5.6
Latttadad15 Average 34 4.4 5.2 8.9 6.2 67 6.7 6.2 54 45 3.0 2.6 5.0
Min/Max | 2.5/44 3.3/57 42/63 | 3.8/77 46/74 50/79| 56/7.6 52{74 4.1/65| 3566 1841 17/34|47/54
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
i Average 34 4.4 5:3 6.2 6.9 7.6 7.5 6.8 5.6 4.6 3.0 2.6 53
Min/Max | 2.6/44 3.3/57 43/64 | 42/80 52/82 58/9.1 6.4/85 57/80 43/6.7 | 3.5/6.6 1.8/42 1.7/34 | 5.0/5.8
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.7 2.1 24 2.6 29 34 33 29 25 23 1.4 13 24
Horiz Axis Min/Max | 1.2/2.3 1.1/3.0 33 | 1.2/40 1.4/3.9 1.9/44 | 2.3/40 2.1/40 15/33 L339 0524 0521 | 2,128
1-Axis, N-S | Average 1.2 1.8 2.6 33 38 4.3 43 33 2.8 21 1.1 0.8 27
Horiz Axis Min/Max | 0.8/1.6 1.0/26 1.8/3.6 | L.4/50 1.9/50 24/57 | 3.0/52 26/5.1 1.638| 1437 0418 0.3/1.3 | 2.4/3.1
1-Axis, N-S | Average 1.8 25 3:l 3.6 37 4.1 4.1 3.8 3 2.8 1.6 1.4 3.0
Tilt=Latitude| Min/Max | 1.2/25 1.3/3.6 22/43 | 1553 1949 2354 | 2850 26/52 1943| 1848 0626 0522|2635
2 AxiE Average 2.0 25 3.1 3.6 I8 4.4 4.4 39 33 2.8 L7 13 3.1
Frrt Min/Max | 1.3/27 14/3.7 22/43 | 1554 20/52 24/59| 3.0/53 2754 19/44 | 1848 0628 0.6/23|2.73.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.8 -2.2 34 9.5 15.3 19.9 224 21.6 17.5 111 54 -0.6 9.9
Daily Minimum Temp -8.3 7.1 ~-1.9 34 8.8 13.7 16.4 15.8 11.7 53 0.9 4.5 4.5
Daily Maximum Temp 0.7 2.6 8.7 15.6 217 ¢ 26 284 27:3 232 16.9 9.9 35 154
Record Minimum Temp | -27.2 -25.0 -18.3 -9.4 -2.2 Zi2 6.1 33 2.2 -6.7 -13.3 -26.1 272
Record Maximum Temp | 20.6 21:7 30.6 333 35.0 38.9 394 37.8 38.9 32.8 283 19.4 394
HDD, Base 18.3°C 686 576 463 265 111 17 0 5 59 227 387 587 3382
CDD, Base 18.3°C 0 0 0 0 16 63 127 105 34 0 0 0 346
Relative Humidity (%) 70 68 65 6l 67 3 74 77 79 75 73 Tz 71
Wind Speed (m/s) 4.0 39 4.1 4.2 33 33 2.8 21 2.8 3.0 e 3.9 25
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